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It has been reported that some of the cultured cell 
strains derived from patients with tuberous sclerosis 
(TS) showed hypersensitivity to -y-rays or a radiomi-
metic chemical. Thirteen fibroblast cell strains from 11 
patients with TS were examined for their sensitivity to 
x-rays as determined from their colony-forming ability. 
All strains derived from normal-appearing skin of pa-
tients, either sporadic or familial cases, showed sensitiv-
ity within the normal control range. Five cell strains 
originating from tumorous skin of 3 patients did not 
show hypersensitivity . It was concluded that the sensi-
tivity to x-rays of cultured cells of TS is essentially 
normal. However, the mean D 0 or D 10 values of the 
strains from tumorous skin tended to be lower compared 
to those for normal skin of patients. In addition, we 
could confirm the hypersensitivity to x -rays in the cell 
strains of TS which had been shown to be hypersensitive 
t o -y-rays. These results appear to indicate that at least 
some of the cells of TS are liable to change to exhibit a 
hypersensitive trait in unknown acquired conditions. 
Patients with xeroderma pigmentosum (XP) or ataxia tel-
a ngiectasia (AT) have hereditary defects which can be uni-
formly demonstrated in vitro by the impaired viability of their 
cells after exposure to UV radiation or ionizing radiation [1, 
2]. Paterson et al [3] and Scudiero et al (4) showed that most 
fibroblasts from tuberous sclerosis (TS) patients exhibited hy-
persensitivity to -y- rays and the radiomimetic chemical, N-
methyl-N' -nitro-N-nitrosoguanidine (MNNG), with a cell sur-
vival ra te intermediate between those of normal cells and 
hypersensitive AT cells . Scudiero et a l ( 4) suggested that test ing 
fo r radiosensit ivity is useful for prenata l diagnosis of patients 
with TS. These results prompted us to study the x-ray sensitiv-
ity of TS fibroblasts of various origins including the same cell 
strains as used by Paterson et al and Scudiero et al. 
MATERIALS AND METHODS 
Eight fibroblast stra ins der ived from normal -appea rin g skin of the 
upper arm of TS patients (Group NS), 5 strains derived from tumorous 
skin of 3 TS patients (Group Tu) , and 5 normal strains (normal control) 
we re examined. All of the TS patients had ove rt facial angiofibromas 
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Abbreviations: 
AF: angiofibroma 
AT: atax ia te langiectasia 
MN NG: N-methyi-N' -n it ro-N- ni trosoguanidine 
NS: normal-appearing skin 
TS: tuberous sclerosis 
Tu: tumorous skin 
XP: xeroderma pigmentosum 
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(AF). Menta l retardation was noted in all except two (8308, 8310) . The 
5 TS cell strains, with the "G M" prefix , which had been a nalyzed by 
Paterson et al 131 and Scudiero et al [4]. and an AT strain were 
obtained as positive cont rols from the Institute of Medical Research, 
Camden, New Jersey. Experiments were carried out with cells at 
passage levels 2- 15. During the experimenta l period, all ce lls were 
grown in Ham's F-L2 medium supplemented with 15% fetal calf serum , 
penicillin G ( 100 IU/ ml) and streptomycin su lfate (100 11g/ ml). They 
were maintained at 37"C in a 95% air/5% C0 2 atmosphere. Only one 
lot of serum (GfBCO) was used for t he entire set of experiments. 
For x-ray survival experiments, subconfluent phase cells were tryp-
sinized and then suspended in ice-chilled growth medium at a concen-
tration of 105 cells/mi. These cells were x-irradiated at a dose of llO 
rads/min, as determined with a Victoreen 500A-l electrometer, a nd at 
least 4 doses of 100- 800 rads in air with an x-ray ge nerator, Hitachi 
Medico MBR-1505R. After appropriate seria l dilu t ions, experimental 
ce lls were seeded into 100-mm Petri dishes wi thout feeder cells. After 
being cultured for 2 weeks, the cells were fixed and stained, and t hen 
the number of colonies of at leas t 50 cells were coun ted. Two plates 
were prepared at each point, and all experiments were done twice. 
From survival curves, 3 colony-fo rming ability parameters were ob-
tained by linear regression a nalysis: n (extrapolation number at ze ro 
dose); 0 0 (x-ray dose reducing survival to 37% in t he exponent ial 
region); and D10 (x-ray dose reducing survival to 10%). As 0 10 va lues 
reflect the contribution of both the width of t he initial shoulder and 
the slope of the exponen t ial portion, we analyzed 0 10 va lues by Stu-
dent's t-test. 
RESULTS 
Fig 1 shows the x-ray survival curves. The shaded zone 
encompasses the x-ray survival curves of the 5 normal cell 
strains. The colony-forming efficiency ranges of unt reated ce lls 
were 10-26% in normal strains and 9- 59% in TS strains. Table 
I shows the x-ray survival pa rameters. The Do and D 10 ranges 
in normal strains were 118- 151 rads and 349- 450 rads, respec-
tively. Normal strain, INS-NF9, had the lowest Dw value (349 
± 4) among the normal controls. This x-ray sensitivity distri-
bution was slightly wider than those reported by Weichselbaum 
et al [ 5], and Paterson et al [3]. and narrower than t hose 
reported by Arlett and Harcourt [6) and Cox and Masson [7). 
The 0,0 values of all t he 8 strains in Group NS and the 4 
strains in Group Tu were within the range of normal stra ins. 
One of the strains from an angiofibroma (7904) showed a 
survival curve located below the normal control range (Fig 1). 
Although the 0 10 of this strain was lower than that of INS-
NF9, the difference was not significant. Of the 5 st~ain s of t he 
GM series, 3 (GM1635, GM1643, GM2333 ) exhibi ted post-x-
irradiation colony-forming ability which was in termediate be-
tween those of normal cont rols and the AT strain (GM2052). 
Each of the 3 strains had a 0 10 value significant ly lower (p < 
0.05) than the lowest D 10 value in the normal stra ins. 
Dl SCUSSION 
In t his study, significant hypersensit ivity to x-rays was seen 
exclusively in GM strains (GM1635, GM1643, GM2333) which 
had been reported to be hypersensit ive to -y- rays by Paterson 
et a l [3] and to MNNG by Scudiero et al [4] . We examined 
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T ABLE I. Parameters calcu./ated from x- ray survival curves for normal 
and tuberous sclerosis fibroblast stra ins 
Strai n Sit.e o f Do (rad) D,., (rad) biopsy" 11 
Norma l controls 
Range 1.7 - 2.5 118 - 151 349- 450 
Mea n ± SO 2.1 ± 0.3 134 ± 13 405 ± 34 
Tube rous sclerosis 
(G roup NS) 
INS-TS 11 NS 3.2 ± 0.4 11 4 ± 2 391 ± 88 
INS-T S 1:3 NS 2.5 ± 0.1 132 ± 9 427 ± 27 
INS-TS23 NS 1.7±0.1 136 ± 8 387 ± 15 
INS-TS27 NS 2.3 ± 0. 1 129 ± 2 405 ± 1 
!NS-TS29 NS 2.9 ± 0. 1 116±6 390 ± 23 
R102 NS 2.4 ± 0.6 137 ± 17 466 ± 21 
83081' NS 2.5 ± 0.2 136 ± 6 434 ± 10 
8:109" NS 1.9 ± 0. 1 1f3 ± :3 447 ± 9 
Mea n ± SO 132 ± 12 418 ± 30 
Tuberous sclerosis 
(Group Tu) 
7903 AF 2.5 ± 0. 1 121 ± 19 373 ± 14 
7904 AF 2.2 ± 0.1 105 ± 3 323 ± 15 
8310 
Jl' 
AF 1.9 ± 0.1 136 ± 4 396 ± 16 
S::ll 1 SP 1.5 ± 0.2 137 ± 3 373 ± 22 
R312 SP 1.4 ± 0.2 140 ± 12 368 ± 50 
Mean± SO 128 ± 15 366 ± 27 
Tu berous scle rosis 
(GM se ries) 
GMI 643 \ 
' 
NS 1.0 ± 0.5 104 ± 11 218 ± 27" 
GM16:l5 I S P 1.3 ± 0. 1 103 ± 11 259 ± 20" 
GM2:J32 I NS 2.0 ± 0.1 128 ± 7 382 ± 21 
GM2::l33 I SF 1.9 ± 0.2 98 ± 1 287 ± 11" 
GM 1644 NS 4.7 ± 0.6 104 ± 2 399 ± 7 
Ataxia te la ngiectasia 
GM20.52 1.0 ± 0.3 68 ± 6 144 ± 21 
" NS, normal-appearin g ski n; AF, a ngiofibroma; SP, shagreen patch; 
SF, subun gua l fi broma. 
"Patient 8~J09 is a so n of patient 8308. 
,. Derived from sepa rate skin biopsy material from t he same donor. 
'
1 P < 0.05 , compar ing th e Dw value of the indicated st ra in to that of 
!NS-NF9 wh ich had t he lowest 0,., va lue among t he normal strains. 
t h ese stra in s wi t h t he G M prefix as a p osit ive con t ro l. A lthough 
t he 0 0 va lue of GM1644 was lower t ha n t h a t o f no rm a l cells, 
t he n va lue of t his stra in was s igni fi ca n t ly hi gh a nd t he 0 11 , 
va lue was within t he no rm a l ra n ge. Pate rson eta! [3] rep o rted 
t hat t he D,, value of G M1 644 was in t he no rma l ra nge, but 
Scudi ero eta! [ 4] repo rted t hat t his s tra in was hype rsen s itive 
to MNNG . O ur resul t was co mpa ra b le to t hat repo r ted by 
Pate rso n et a l [3] . 
F ibroblasts de ri ved from patie n ts wit h he redi ta ry retinoblas-
tom a a re more se ns it ive to t he letha l effects o f x-rays t h a n a re 
fi brob lasts from patie n ts wit h spo rad ic retinoblasto m a (8 ]. 
Patie n t 8309 is a son o f pat ie n t 8308. In t hi s fa m il ia l case, t he 
two stra in s (8::\08, 8309) did not s how hyp erse ns it iv ity to x -
rays. Thus, in T S cell s, t h e degree o f radi osen s it ivi ty was n ot 
d iffe re n t betwee n fam ili a l patien ts a nd s po ra dic patie n ts. 
S in ce a ll o f t he TS stra ins in G roup NS a nd G roup Tu did 
not s how hyp e rse ns it iv ity, t he hyper se ns it ivity to radiatio n 
does not appea r t o be a basic c ha racter o f fi b roblasts o f T S 
patie nts. H oweve r, t he D 1o value in eac h str a in o f G roup Tu 
t.e nded to be lower compa red to t hat in G ro up N S , a nd the 
mea n 0 11 , va lues were s ignificantly diffe re n t betwee n the 2 
g ro ups (p < 0.05). Thus t h e T u stra in s te nded to h ave lower 
s u rviva ls t han t he NS stra in s wi t h x- ir radiatio n . In addi t io n , 
a nothe r ce ll stra in de rived fro m a subun gua l fibro m a (G M 2333) 
s howed hype rse ns it ivity to x- rays w h ile t he ce ll st ra in fro m a 
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FIG 1. Survival curves for human fib roblast ce ll stra ins. Subcon -
flu en t ce lls were irradiated wi th x- rays and incubated for 14 days, a nd 
then the nu mbe r of co lonies was coun ted. T he shaded zone encompasses 
the x- ray survival curves of t he 5 normal cell strains. AT strain GM2052 
<• ), T S strai ns GM1 635 (0) , GM1643 (6) , GMl644 (\7) , GM2332 (0) , 
and GM2333 (I>) , T S strains de rived from normal-appea rin g skin (e ) , 
and TS strains derived from tumorous skin ( ... ). 
norma l s ite o f t he sam e pat ie n t (G M 2332) s howed n o rma l 
sen s it iv ity. T hese resu lts m ay indicate t hat at least som e o f t h e 
ce lls fro m TS a re liable to c ha n ge to ex hibi t a hype rse ns itive 
t ra it in unkn own acquired condi t io ns. 
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